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COMPLETE SPECIFICATION 

Improvements in or relating to the Production of Therapeutically 
Effective Derivatives of 4:4i-Diamino Diphenyl Sulphone 



We, Eli Lilly and Company of 74U, 
SoutlL Alalia-ma Street, Iiidianapolis, 
Indiana, United States of Aiuerica, a 
CoriJOr4)ti^u organised and existing* under 
5. Ike laws of ±lie State of Indiana, United 
States of America, MoRias . Sblig 
Ehauasch, a Citizen of the^ITnited States 
of America, wkose address is Jones 
Chemical Lahoratory, University -of 

10 Chicago, Chicago, Illinois, United Stntes 
of America, and Otto Eeinmutii, a 
Citizen of the United States of America, 
T^hose address is Joiies Chemical Labora- 
tory, University of Chicago, Chicago, 

15 Illinois, United States of America, do 
hereby declare the nature of this inven- 
tion and in what manner the same is to 
Le lierfurmed, tO" be particularly described 
and ascertained in and by the following 

20 statement: — 

This invention is for improvements in 
or relating to the production of thera- 
peutically effective compounds, and more 
jjurticularly to the production i>f new 

25 derivatives of 4,4^-diaminodiphenyl sul- 
phone. 

According to the present invention, 
this range of products ivS prepared by 
reacting 4,4^-diaminodiplienyl sulphono 
30 with formaldehyde and with an N-acylcy- 
steine, with or without subseniient reac- 
ijion with a base to- produce the correspond- 
ing salt. The said products may also be 
obtained, in accordance with this inven- 
35 tion, by reacting an N-acyl cry stein e ^-ith 
the product resulting from the interaction 
of 4,4^-diaminodiphenyl sulphone and 
formaldehyde, with or without subsequent 
I'eaction with a base. The reaction may 
be carried out in a suitable medium in the 
presence of a small amount of a non- 
oxidising mineral acid. 

These new derivatives are stable, are 
of low toxicity and are efficacious on oral, 
46 parenteral and intravenous administration 
for the treatment o'f sti^eptococcal and 
pneumococcal infections, especially those 
of great virulence. 

In effect the formation o-f these new 
50 derivatives not only imparts varioiis desir- 
able physical and chemical propei^tics to 
the parent compound, 4,4^-diaminodi- 

[PHce 1/.] 



40 



phenyl sulphone, but accomplishes 
marked detoxification of it as well. 

The products of the present invention 55 
may be represented by the foUomng 
formulas : 

N,N\- bis - (1 . carboxy - 1 - acylamino- 
ethylthiomeihyl) derivatives of 4,4^- 
diuminodiphenyl sulphone. ' gQ 



0) 



0 



HN-R 



N - CH«- 5 -CHp- CH- coo- X 
HN-R 



N - (1 - carboxy - 1 - acylaminoethylthio- 
methyl) derivatives of 4,4*-diaminodi- 
phenyl sulphone. 

. (2) 



N-CHjtS - CH - CH-COO-y 

c 2 I 



0 



HN-R 



65 



in which E represents an. a.cyl group pre- 
ferably of the class comin^ising those 
derived from the alkanoic and halo- 
■alkanoic acids of less than eight carbon 
atoms, those derived from the aromatic 70 
and heterocyclic carboxylic acids, and 
those derived from the aromatic sulphonic 
acids, including inter alia the formyl, 
acetyl, chloroacetyl, -bromopropionvl, 
benzoyl, nicotinyl, and benzenesulphonyl 75 
groups; and X represents a member of the 
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5*eiieral class of positive ions, consistiug of cysteine may be added directly to 

liydrogea, tlie alkali metals, tke normal .diniGtkylene-4-,4^-diamiuodiplieiiyl sul- 
eqnivalents of tlie uLkaline-eartli metals, i)liOiie to produce tke di-substituted pro- 
tke nitrogen kydro-onium ions derived ducts of formula 1. jSToii-oxidising' 
5 from ammonia, tke allrj'lamines, tke mineral acids liave lieen found to he ettec- G5 
alkanolamines and tke pol5mietkylenedi- tive catalysU far tkis condensation, 
amines, including^ etkylene diaminer. lu citkcr case, tke iag'redients wkick 

Tke salts are all freely soluble in -water, are. broug'kt tog-efker react to produce an 
and in general relatively stable in tke acid of tke type skown in formula 1 or 
]0 solid state; Tke. alkali and alkaline- formula 2 above, witk X signifying 70 
eartk metal salts' ai?e very sligktly soluble kydrogen ; but tkat acid is in solution. To 
in absolute alcokol, and insoluble in etker obtain s'ack acid in solid form, one adds 
and benzene. Tke acids differ somewhat a large volume of water la .precipitate 
as 1*0 tkeir solubility iii water,' and in tkat acid. Tkis precipitation may be 
25 general are botk less water-soluble and facilitated by tke addition of sodium 75 
less stable tkan are tke salts. ckloride or otker salting-out reagent. Tke 

Tke N-formylcysteine is prepared in solid acid tku5 obtained may be separated 
accordance witk tke metkod desdribed in fi-oni tke siipernatant liquid in suitable 

tke Journal "of Biological Ckemistry 106 manner, as by filtering, decanting, or 

20 689. Tke -otker N-acylcysteines are pre- centrifuging. As tkus obtained it is an 80 
pared by reacting tke corresponding acyl amorpkous mass. Tkis amorpkous mass 
ajikydride or acyl ckloride witk crystme, wasked well witk %vater, and tken 

followed by reduction, m accordance witk dried, as in a. vacuum desiccator, 
tke metkod described in Biockemical Salts may readily be obtained from tke 

25 Journal 26 614^16 for tke preparation apf^ so produced. ^ To tkis end, tke acid, 85 

of N-acetylcysteme and N-ckloroncetyl- ^s re]>rescnted by fonnula 1 or formula 2 

cysteine. Eitker tke acyl -ckloride or tke ^i^k X signifying' kydrogen, is dissolved in 

acyl ankydride may be used as the arylat- ^ non-aqucous solvent, suitablv in abso- 

ing agent. However, it \s preierable to 'j^^te nlookol, and is treated witli a solution 
30 use tke acyl ^inkydride for tke 3\^-acyl. ^^^g ^^^^ solvent of a desired base, suck 90 

cystemes derived from alkanoic acids, snck as sodium kydroxide or etkoxide, or tlic 

as N-acetylcysteine, and to use acyl hydroxide or the etkoxide of otker metals 

cklorides for tke preparation of IST-acyl- (ixxck for instance as potassium etkoxide. 

cysteines derived from tke kaloalkanoic calcium etkoxide, or magnesium etkoxide ^ 
35 acids, suck as N-^-bromopropionyl- ammonia or an a Ikyl amine, .suck as 96 

cysteme, and from tke aromatic and n}etkylamine, or an alkanolamine, suck as 

keterocycln; carboxylic acids, suck as etkanol amine, or a polyiiieikylene 

N - bcn^oylcysteine and N - nicotinyl- diamine, suck as etkylene diamine.* A 

cysteine. i salt is formed by the resultant reaction, 

40 In carrying out tke processes of tke ^^^j ^j^^^^, .^r^n ^xs^allv separates because 100 
present invention, one may m general relative insolufiility in tke solvent 

proceed as follows : . ^ used. If precipitation does not occur, or 

To a solution (or suspension) of 4,4i- is incomplete, "it may be produced or 

diammo-dipkenyl sulpkone m a suitable brougkt to completion bv the addition of 
45 solvent, suck as metkyl or etkyl alcokol, ^^j^gj. acetone. Tkus, when metkyl- 105 

or etkylene or propylene glycol, or ^mine, etkanolamine, diethanolamine, 

dioxane, one adds eitker one or two mole- isopropanolamine, or dry ammonia gas 

cular equivalents of formaldckyde, accord- ^re used tke resultant salts are alcohol- 

mg to wketker it is desired to obtan a sub- soluble, but ma^r be caused to separate 

60 stitution on one or botk of tlie ammo ^^^^ solution bv the addition of relatively 110 

gi^oupa; and also add one or two molecular Jar^e quautities (say two to five volumes) 
equivalents, depending on tke same con- ^y^g,!. acetone, preferably tke 

sideration. as before, of an N-acyicystcme latter. Tkese salts are verv water-soluble 

of the general formula: (indeed kygroscopio) and are usually ob- 
tained in tke form of amorphous solids or 115 

(3) gums, wkick may be suitably dried, as 

66 H— d — CH2'~CH — COOH in vacuo,- Wken tke etkylenediamine is • 

I used in tke projiortion of al>OTit one molo 
HM— R diamine to one mole of* dicarboxyli'.' 

acid, tkp. resultant salt separates, at least in 120 

It is desirable hut not necessary to add the part, from alcoholic solution. Moi'o 

formal dekyde before adding tke N-acyl- complete separation may be elYected by 
cysteine; and tke N-acyl cysteine may be addition of dry ether or acetone. "Wlien 

added, and it is desirable to add it, in etkylenediamine is used in the proj^ort ion 

go aioderate excess. If desired, tke N-acyl- of two or more moles of diamine ¥o one mole 125 
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ol cbcurljoxylic acid as represeutecl geueric- 
1 -^/^ formula. I, the ressultaut sail is 
alcohol-soluble, but may be caused to 
separate from solution as described above 
6 for the ammonium nud alkaiiolamiue 
salts. 

'When, salts of the disubsf-ituted acid of 
formula 1 are desired, itis possible to obtain 
either a mono-salt or a di-salt by substitut- 
10 mg^ the flesired basic element or radical 
m only one or in both of the tvio (m.rhoxyl 
ffroups. For example, if it is desired to 
obtam a mono-salt, an alcohol solution of 
sodium ethoxide, for instance, is poured 
15 mto an alcohol solution of the acid, where- 
upon, vrith chilling' if necessary, the 
mono^salt (here the mono-sodium salt^ pre- 
'Cipitates. If it is desired to obtain tho 
di-salt, the simplest way is to reverse the 
20 pouring" procedure. An alcohol sohitian 
of the acid is paiired into an alcohol solu- 
tion of sodium ethoxide (taking sodium a a 
an example) ; by which procedure the pre- 
cipitate which forms is the di-salt. In 
25 either case, it is desirable to use an amount 
of the sodium ethoxide which is about 
double what would be called for on a mole- 
cular equivalency basis; althoug-h that is 
not imperaiive. 
80 When the salts are desired, it is not 
essential first to isolate the coiTespmidin o- 
free acids. To prepare the sal ts direct the 
following- procedure may be followed : To 
one molecular equivalent of 4,4'-diamino- 
35 diphenyl stdphone, dissolved and sus- 
pended in an anhydrou.s solvent (suitably 
absolute ethyl alcohol), is added either one 
molecular equivalent each of formaldehyde 
solution and an IST-acylcvsteine, or two 
4U molecular equivalents each of formalde- 
hyde solution and an N-acylcysteine, 
depending, npon whether a salt " of an 
l-i^K: carboxy - 1 - acylaminoethvlthio- 
methyl)-4.4^diajiiinodiphenyl sulphone or 
45 of an .N,I5ri.bis-(l.carboxyM-aeylamino- 
ethylthiomcthyl) - 4,4^ - diamiuodiphenvl 
sulphone is desired. A small amount of 
a strong, non-oxidizino^ acid, suitably 
nn ^y^^^ochloric acid, is added as catalvst. 
0" Ihe total concentratioai of acid catalyst 
need not exceed 0.05%. The mixture is 
then affitated or allowed ?o stand until 
complete solution of solid Tiiaterial has 
been effected. The resultant solution ifi 
oo then chilled and filtered if necessai^ and 
IS further treated wifh a suitable base. 

Examples of the general processes are 
as follows : 
Rn m ^ Example I. 

ou To five ^rrams of 4,4^-diaraiDodiphenv] 
sulphone susnended (with some dissolvin<T) 
in 25 -oc. of 70% alcohol are added 4.5 (;c. 
of formalin (86% formnldehyde) and 6.5 
fframs of N-acetylcysteine. The mi-xture 
IS allowed to stand for several hours, It 



IS then treated with sodium carboivate., 
and the insoluble material then present is 
removed, as by filtration, and rejected. 
The filti-ate is chilled, arid acidified with 
hydrochloride acid. A ]iale yellow garni 70 
separates. The pale yellow q^xuu is dried 
ill vacuum, desirably over phosphorus 
pentoxide. This yellow v:\mi is N',*Ni-bis- 
(1 - cafbosy - 1 - acetyluminoetjiylthio- 
methyl)-4,4i-diaininodipheiiyl .sulphone 75 
which has the following' formula : 



H 

I 



^ CH^— S — C Hg— CH — COOH 



0 

<5 



HN— COCHj 



N— CHg— S— CHg— CH — COOH 



I 

HN— COCH 



3 



/tx f^'^^^*^^^ represented by formula 
(4), IS then dissolved in absolute alcohol, 
and the solution is filtered if necessary! SO 
To this alcoholic solution, an alcohol 
solution of sodium hydroxide is added. A 
precipitate separxites, and is collected on 
a filfer and dried iii vacuo. An analysis 
for nitrog-en showed 8.58% which is in 85 
good agreement with the calculated value, 
S.72% required by tJie following* 
lormula ; 



H <5) 
I 

N— CHg— 6 — CH^— CH— COOMa 



HN — COCH3 



0' 



N— CH^ — 5 — CHp— CH — COON^ 
H 



HN — COCH3 



90 



ExAMPiE II . 

The process of Example I is repeated 
through to the production of N",Ni-bis- 
(1 - carboxy . 1 - acetyl aminoethylthio- • 
mcthyl)-4,4^-daaminodiphenvl sulphone, 
shown in formula 4. Mono-substituted 95 
and di-substituted- salts are then obtained 
Un better yields than by the process of 
Example 1) by employing sodium ethoxide 
m place of sodium hydroxide in the 
process. 

Prepare the mono-sodium salt, one 
adds about iGwo molecular equivalents of 



100 
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sodium etlioxide dissolved in absolute 
etliyl alcohol to an alcohol solution of the 
]Sr,N^ - bis - (1 - carbosiy - 1 - acetylamino- 
etliylthiomethyl) - 4,4^* - diaminodipheuyl 
5 sulphoae. During* this addition the entire ■ 
mistxu-e is chilled to about 5° C. The 
jnono-sodiuni salt separates at once. It 
is allowed to stand for a few minutes (say 
ten to fifteen), and is then collected oai a 
10 filter, and is dried in Tacimm. Analysis 
for sodium of this salt indicates that only 
the hydrogen atom of one of the carboxyl 
groups is replaced by a sodium atom ; and 
a "water solution of this sodium salt is acid 
to litmus. This mono-sodium salt lias 
the following f ormxila : 



15 



H 



(6) 



U—CHp—S — CHp-^^H— COONa 



0 



t 

HN — COCHjj 



N— CH5— S— CH^— CH — COOH 



HN— COCHa 



To prepare the di-s odium salt, 4 mole- 
cular equivalents ot sodium ethoxide are 

20 dissolved in absohite alcohol, and. the 
whole is well cooled. To this -alcohol 
solution of sodium ethoxide, one adds an 
alcohol solution of one mole of the N,N*- 
bis - (1 - carbo'Sy - 1 - acetyl aminoe thy 1- 

25 thiomethyl)-4,4^-(iiaminodiphenyl sul- 
phone. The di-sodium salt then separates 
at once, and can be collected on a filter 
and dried in vacuum. Analysis for 
sodium of this salt indicates that the 

30 hydrogen atoms -of both carboxyl groups 
have been replaced by sodium atoms, and 
a water solution of this salt is approxi- 
mately neutral to litmus. This di-sodium 
salt has the formula 5 above. 

35 Both the mono-sodium salt and the di- 
sodium salt are effective therapeutic 
agents. 

EXAMPI.T5 III. 

Examples I and II may, be repeated, 
40 save that only o-ne-half the quantities of 
formaldehyde and N-acetylcysteine are 
used. The resultant intermediate • and 
final products are the mrin o-substituted 
4,4Miaminodiphenyl sulphone and its 
45 sodium salt, which are represented by the - 
following formulas; 



H 
I 



(7) 



N— CHg— S — CH^— CH—COOH 
HN— COCH3 



0 

NH-> 



H (5) 
I 

KJ— CH^ — 5 — CH — CH— COONd 



0 



HN— COCH3 



Ex.VMPLE lY. 

The disubstitut-ed acid of Example 1 
may be produced by condensation of the 
N-acetylcysteine ^i'th N',N'*-dimethylene- 
4,4^-diaminodiphenyl sulphone. This may 
be accomplished hy the following pro- 
cedure : 

]Sr,N^ - Dimethylene - 4,4^ - diaminodi- 
phenyl sid2JlL<^Ji^> suspended in methyl 
alcohol, dioxane, ethyl alcohol or other 
suitable solvent is treated with two (or a 
slight excess over two) molecular equiv- 
alents of IS'-acetylcysteine, and a small 
amoimt of a strong acid, preferably hydro- 
chloric acid, as a catalyst. The total 
concentration of the acid catalyst need not 
exceed 0.05%. in solution. Instead of 
hydrochloric acid one may use any non- 
oxidizing mineral acid or any organic acid 
which has an ionization "constant of about 
1G"3 to 10^-, such as maleic acid. The 
following reaction takes place : 



50 



55 



60 



G5 



70 



(9) 



0 



50^+ 2H — 5— CH^-CH — COOH 



0 



I 

HN — COCH, 
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r>l — CH^ — S — C% — CH — COOH 



0 



KN — 'COCH- 



N— CHg— S— CH^ — CH— COOH 



I 

HN — COCH, 



The compouud N,3Sri-bis-(l-cai-bo.xy.l- 
acetylaminoetiiylthioinetliyl) - 4 41 di- 
amiuodiplicnyl snlplione, wliicili ' is thus 
produced is m solutiou. This free acid 5 
can be isolated as described a& in Example 
1. The salts of this derivative, foa* ex- 
ample sodium salt, can be obtained as the 
salt^ were produced in Examples I and II 

If onstead of two molecular equivalents lO 
ot JN -acetylcysteine only one molecular 
equivalent is used * the reacvtion ' 
follows : 



IS as 



(fO) 



N=CH- 



0 



+ H— S— CH,— CH— COOH 
.1. 



HN — COCH, 



N=CH, 



rsi— CH^_ s_CH^_ CH— COOH 



0 

<5' 



20 



IS ExAiU?LE V. 

Examples I, II, III and IV are re- 
peated, save that instead of using JST-acetyl- 
cysteine, an equivalent quantity is used 
oi either JN«/3-bromopropionylcysteiue, or 
JV-benzoylcysteine, or N-nicotinylcysteine, 
or J\-formyloyst«ine or IST-chloroacetyl-. 
cysteine. 

ai^^^^'^P^^^ ^ inclusive, the 

structures as indicated in formulas 4 to- 10 
^clu&iye show K-(l-carbo.xy.l-acylamino- 
ethylthiomethyl) or ]S^,I^i>bis-(l-carboxY- 

i^^'^f?'^'^'®^^^^^'^'''^^^^^ derirative.s 
o± 4,4^-diaminodiphenyl Rulplione withoail- 
any methylol ^roup in the benzene 
30 nucleus. It is known that when an 
aromatic primary amine is treajed with 
formaldehyde in acid solution, some of the 
iormaldehyde tends to condense with tho 
aromatiic ring to yield a methylol deriva- 
tive. It IS therefore possible that Wie 
products resulting- from the practice of tlie 
•methods described in the exanii)les contain 
some of the methylol ffroup in the benzene. 
nng. The precise amaun'f of the methylol 



35 



compoiunds in the reaction products of 40 
.Wed ^^amples has not been ascer- 

The salts of the acids described may also 
conveniently be prepared by treating the 

Sh^.^'^ 'J the required acids 45 

with water soluble neuti-al salts of the 
required metals. 

Having- now particularly described and 
ascertained the natiu^e of <mr ^aid inven- 
tion and m what manner the same is to 60 
be performed, T^e declare that what we 
claim is: — 

A Pf^c^^s •f>f producing: new ther- 
apeutically eftective derivatives of 4 41- 
diammodiphenyl sulphone having low 55 
toc^icity and hig-h stability wliirh com- 
prises reacting 4,4i-diaminodiphenYl sul- 
phone with formaldehyde and with an 
iN-acylcysteane. 

P/oc!ucing new tlier- GO 




toxicity and high t>.:uoiiiTv T\-jnoii com- 
I>rises reacting an W-acylcysteine with the 
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product resulting* from tlie interaction of 
4,4\-diaiain<rdiplieiiyl sulplione ^?,nd forni- 
"aldetyde. 

3. A process as claimed iu claim 1 or 2, 
5 in TviiicL. tke reaction takes place in a suit- 
able medium in tlie presence of a small 
amount of a non-oxidizing" iaineral acid. 

4. A process iis claimed in claim 3 in 
"which, the medium is alcohol, 

10 . 5. A process as . claimed" in any oiie of 
the preceding" claims in which the W-acyl- 
cysteine is N-acetylcysteine^ . 

6. A process as claimed in any one of 
the preceding claims in which the reaction 

15 product is reacted with a hase to form tlie 
coiTesponding salt. 

7, A process as claimed in claim in 
which the reaciion product is reacted with 
the base in a non-aqueoius solvent. 

30 8. A process as claimed in claim 6 or 7 



in which the base is an alkali metal base^ 

9. A process as claimed in claim U, 7, 
or 8 in which the base is a sodiuni base. 

10. A process as claimed in claim (I, 7, 8, 

or 9 in which the base i^, sodium ethoxide. 2o 

11. The manufacture of new therapeutic- 
ally effective products substantially as 
described with reference to the foreg:oiug* 
Examples. 

12. New therapeutically effective mono- 30 
and di-N-substituted 4,4^-<liaminodiplienyl 
sulphones whenever prepared by the 
methods or processes herein particularly 
described or by their obvious chemical 
equivalents, 36 

Dat^d this 6th day of November, 1940. 
BOULT, WADE & TENNANT, 
111 & 112, Hatton Garden, 

London, E.C.I, 
Charte-red Patent' Agentfi, 



Leamin^a Spa: Printed for His Majesty's Stationery Office, by the Ck)urier Press. — ^1948. 
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